Abstract: This study derives a robust adaptive control for electrically driven robot manipulators using support vector regression (SVR) based command filtered adaptive backstepping approach. The robot system is supposed to be subject to model uncertainties, neglected dynamics, and external disturbances. Command filtered backstepping algorithm is extended to the case of robot manipulators. A robust term is added to the common adaptive support vector regression algorithm, to mitigate the effects of SVR approximation error on the path tracking performance. The stability analysis of the closed loop system using the Lyapunov theory permits to highlight adaptation laws and to prove that all signals of the closed loop system are bounded. Simulations show the effectiveness of the proposed control strategy.
INTRODUCTION
Backstepping is a control strategy that consists of stepping back towards the control input of a given system. It is a powerful tool for the design of controllers for nonlinear systems in or transformable to the parameter strictfeedback form. Numerous researches have been conducted for this purpose (Li et al. (2004) ; Kwan and Lewis (2000) ). Particularly in the case of robotic manipulator control, backstepping control has demonstrated its application (Mbede and Mvogo Ahanda (2014) ; Huang and Chen (2004) ). But all the control strategies used in the previous listed contributions, have a drawback named "explosion of complexity", when the size of the system increases. Recently, two new methods have emerged to overcome this drawback: dynamic surface control (Swaroop et al. (2000) ) and command filtered backstepping control (Farrell et al. (2009) ). These two methods use filters to approximate the time derivative of virtual controls and therefore overcome explosion of terms problem.
Dynamic surface control has been used successfully to control non-linear systems disturbed by any unwanted signals and errors (Pan and Yu (2015) ). Due to its design simplicity, it was widely used to control robot manipulators in many situations such as perturbed case, and joints flexibility case (Huang and Chen (2004); Yoo et al. (2006)).
Command filtered backstepping control is not widely used in the backstepping control of robotic manipulators because of its design procedure. The design used auxiliary states in order to delete or reduce filtering errors. Few papers are found that concern robot control using command filtered backstepping. In Petit et al. (2015) , P D + backstepping and virtual controls are performed for variable stiffness robots. This paper uses command filters to cope with the problem of noisy-state measurements and to overcome explosion of terms problem. But in this valuable work, actuators electrical dynamics are not taken into account. Thus the proposed control cannot cover the wide class of robot manipulators.
In fact, usually to analyse the stability of a closed loop robotic system derived by backstepping controller or prove the passivity of the closed loop robotic system, it is necessary to use the skew symmetry property of the matriẋ D(q,q) − 2C(q,q), whereḊ(q,q) is the time derivative of inertia matrix and C(q,q) is the centrifugal and coriolis forces matrix. In the design architecture of the command filtered backstepping, auxiliary states are added to compensate for the filtering errors (x i+1,c − a i ), where x i+1,c is the filtered version of the variable virtual control a i . The structure of these auxiliary states render difficult the usage of the skew symmetric property. Thus, the powerfulness of the command filtered backstepping is not yet exploited to
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Adaptive law is provided in the control system such that the required performance of the testing system is achieved. For the case of robot manipulators, function approximation technique is used as adaptive algorithm to learn an unknown or uncertain dynamics in order to perform a controller that takes into account these dynamics. Many papers have applied this technique for the case of robot manipulators (Huang and Chen (2004), Chien and Huang (2007) , He et al. (2016) ). But in all these listed valuable contributions, approximation errors are assumed to be small such that the stability of the system is obtained. Its known that for a real system such as robot manipulator, this assumption is not always realizable. In Islam and Liu (2011) approximation errors are considered and are mitigated by a robustifying term. But this work neglect actuators dynamics, then disturbances coming from these dynamics can decrease the performance of the control strategy. Thus, in this paper, we introduced a robustifying term in the adaptive algorithm in order to mitigate the effects of approximation and other modelling errors, in both links and motors dynamic on the path tracking performance.
It has been shown in Smola and Schölkopf (2004) that support vector regression (SVR) generates global solutions contrary to other function approximation techniques such as Fourier series and neural networks, because SVR transforms the regression problem in quadratic programming (QP) such that global solution can be obtained by QP solver. Since some dynamics of robot manipulators are not well known and are time variable, SVR therefore takes place as a reliable solution for approximation. By the Lyapunov theory, the update laws for the support vector's weights are deducted.
The contribution of this paper can be summarize as follows:
(1) In order to extend command filtered backstepping algorithm to the case of robot manipulator control, we have designed new auxiliary states and virtual controls which facilitate stability analysis and achieve tracking objective. (2) In order to robustify the common adaptive backstepping based on support vector regression, we have added a robustifying term which role is to mitigate the effect of approximation and filtering errors on the path tracking performance.
The remainder of this paper is organized as follows. In Section II, the preliminaries including robot dynamics and problem formulation are presented. Section III is devoted to the design procedure. Section IV evaluates the performance of the proposed methods using computer simulations. The last section concludes this paper.
DYNAMICS OF THE ROBOTIC SYSTEM AND PROBLEM FORMULATION

Dynamics of the Robotic System
In this paper, we suppose that the robot manipulator is actuated by permanent magnet DC motors and the joints are flexible, in order to represent the whole class of robot manipulators. Then the nominal dynamic model for an n−link robot is given as (Fateh and Khorashadizadeh (2012) )
where q ∈ n is vector of the link position, q m is motor position, I a ∈ n is the motor armature currents, u ∈ n is the control input voltage, D(q) is the nXn inertia matrix, C(q,q) is an n−vector of centrifugal and Coriolis forces, and G(q) is the gravity vector. J, B, r and K are constant diagonal matrices of actuator inertia, damping, reduction gear, and joint stiffness, respectively. K m ∈ n is an invertible diagonal matrix that characterizes the electromechanical conversion between current and torque, L, R, K b are positive definite diagonal matrices denoting electrical inductance, electrical resistance, and back electromotive force constant (EMF) of the motors, respectively. 
(2) whereq = q − q des , v =q des − λ 1q , λ 1 a positive diagonal matrix, q des the desired link position, andq des the time derivative of the desired link position.
Problem formulation
In this subsection, we show that the command filtered backstepping (CFB) algorithm designed for non-linear system in Farrell et al. (2009) needs some modification to apply it to the case of robot manipulator control problem.
As shown in Farrell et al. (2009) , the control strategy needs compensated tracking error vector. Thus define the following compensated tracking errors z 1 = e − ξ 1 , z 2 = x 1 − ξ 2 , z 3 =x 2 − ξ 3 , and z 4 =x 3 , where, e,x 1 = x 1 − x 1c , x 1 = x 2 − x 2c , andx 3 = x 3 − x 3c are the tracking errors. Applying step by step the CFB presented in Farrell et al. 
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